Chapter 47

The Impact of Knowledge Sharing
Platforms in Distributed Requirements
Engineering Scenarios: A Systematic
Review

Christian Sillaber and Ruth Breu

Abstract Knowledge sharing platforms promised to solve a number of challenges
that complicate requirements engineering activities in globally distributed software
engineering efforts. A systematic review of empirical studies of the impact of such
knowledge sharing platforms up to and including 2011 was conducted. The
selected search strategy identified 511 studies, of which 17 were identified as
suitable empirical studies. The studies were evaluated according to the presented
knowledge sharing platform, the requirements engineering setting as well as to the
reported impact on the requirements engineering processes. This systematic review
investigates what is currently known about the evidence for positive and negative
impacts of knowledge sharing platforms in requirements engineering processes.
The main finding of this systematic review is that currently little empirical data on
knowledge sharing platforms and their use in requirements engineering processes
is available and further empirical research is necessary.

47.1 Introduction

During the last two decades, the management, elicitation and analysis of software
requirements have evolved from being concentrated at a single development team
location to being geographically distributed across multiple countries and time-
zones. A variety of business reasons including cost savings [1], the increased
availability of skilled labour [2] as well as the possibility to develop software
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products 24/7 [3] has led to an increased difficulty of quickly sharing knowledge
on software requirements.

Many remedies for improving the knowledge exchange between stakeholders
have been suggested, from the re-use of established mediums as telephone and
video conferencing to specifically developed collaborative knowledge sharing
(KS) platforms. However, though there are many tools available for requirements
engineers, little is known about their use in practice and what their effects are.

This systematic review seeks to evaluate, distill and present the empirical
findings on the impact of KS platforms in requirements engineering (RE) to date,
and provide an overview on the different research topics and their findings. We
believe that this review will help the scientific community to identify areas and
opportunities where research is lacking.

The article is organized as follows: In Sect. 47.2, we give an overview of RE
with a focus on KS challenges specific to distributed environments. The methods
used for this review are described in Sect. 47.3. Section 47.4 reports the findings
of this review and presents an overview of the studies and the reported results. The
benefits and limitations, strengths and weaknesses and implications for research
are presented in Sect. 47.5. Section 47.6 concludes and provides recommendations
for further research on the use of KS platforms for RE.

47.2 Background-Requirements Engineering
and Knowledge Sharing

As part of the globalization efforts prevalent in the last decade(s), software
development teams have increasingly become geographically distributed [3-5].
This trend of adding more (Global Software Development, GSD [6]) or less
(Distributed Software Development, DSD [7]) distance between team members
has created additional challenges for requirements engineers to share knowledge
across team members [5, 8-10].

We first describe the field of RE and recent challenges that make the devel-
opment and use of KS platforms inevitable. We then summarize previous works on
the challenges of KS in RE processes and justify the need for this review. Lastly,
we state the research questions that motivated the review presented in this paper.

Requirements engineering: Requirements engineering is a discipline strongly
linked to the success and failure of software development processes regardless
their size, available resources or the structure of the development team [11-14].
Beneath technical activities, RE involves a plethora of challenging non-technical
activities including negotiation, analysis and management tasks [15]. These
activities, requiring active communication and the exchange of knowledge can be
found in all phases of RE processes and their importance has been shown in
numerous works, e.g. [5, 16-21]. Team members need communication to
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coordinate their activities and share knowledge as documentation often becomes
obsolete and relevant knowledge often only resides with people [22]. The
importance of KS in large, often geographically distributed, multicultural devel-
opment teams comprised of diverse software and RE roles, that are prevalent today
[10, 23], is well acknowledged in literature, e.g. [3, 5, 9, 24, 25].

Knowledge sharing challenges in requirement engineering: Distributed
software development, in particular the associated RE processes are fraught with
challenges [3]. In literature the five main challenges are inadequate communica-
tion, cultural and language differences, process differences, as well as technical
differences [3, 5, 23]. The reasons for inadequate communication are manifold
ranging from time-zone difficulties to inadequate means of expression [3, 9]. In the
case of multinational requirement engineering teams, cultural and language diffi-
culties arise from different stakeholder backgrounds [10, 26]. Besides differences
in human culture, different corporate cultures pose additional challenges, as they
may vary from one site to another, as language might [3]. Inadequate or incom-
patible processes often lead to challenging documentation and traceability prob-
lems [23]. While technical difficulties such as differences in bandwidth or
available hardware resources might be solved in the foreseeable future, different
platforms and document formats pose additional challenges. Often, these problems
are interwoven and therefore challenging on the technical layers as well as the
process and knowledge layer. For instance [3] reports that “... remote practitio-
ners are unable to hold effective discussions on requirements. Since existing
requirements management tools do not provide rich support for collaboration,
teams typically use these tools only as a shared requirements repository and hold
all discussions outside of the tool in email, chats or phone-calls...”. The variety of
channels requires expensive cognitive switches and are also hard to track centrally
leading to decreased trace-ability. Besides trace-ability issues, knowledge of
stakeholders as well as their understanding of the requirements is hard to quantify
and even harder to share in global scenarios as the individual interpretation of
requirements might change according to the cultural or organizational background
[3, 10, 25].

Objectives of this review: Knowledge sharing, and KS platforms have attracted
huge interest from both software and RE research and practice. However, to the best
of our knowledge, no systematic review of the impact of KS platforms in require-
ments engineering has previously been published. The existing works presented in
the previous section only partially cover the evaluation of real-world solutions to
address KS issues and challenges in RE practice. Furthermore, they do not include a
systematic assessment of the actual impact of KS platforms in real world RE
environments. The objective of this systematic review is to answer the following
research questions: (1) What is currently known about the positive and negative
impact of KS platforms in requirements engineering? (2) What is the strength of the
evidence in support of these findings? (3) What are the implications of these studies
for the requirements engineering industry and the research community?
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47.3 Review Method

Following the methodology for integrating diverse software engineering study
types, as presented in [27], as well as the established method of systematic review,
we conducted the review in six successive stages: development of review protocol,
the identification of inclusion and exclusion criteria, the identification of relevant
studies, critical appraisal, data extraction and synthesis (cf. [27]).

(1) Protocol development: Following the protocol presented in [27], an Org-
Mode protocol [28] for the systematic review was developed and aligned with
[29]. In this protocol, we specified the research agenda and questions, search
strategy, exclusion, inclusion criteria as well as data extraction and synthesis
methods.

(2) Inclusion and exclusion criteria: We deemed articles presenting empirical
data on the usage of KS platforms and their impact on requirements engineering
processes in both academic and professional environments eligible for inclusion.
Qualitative and quantitative research studies published in the English language until
2012 were included (not restricted to any specific model, methodology, or tech-
nology or the reported outcome). Furthermore, studies reporting only on the impact
of KS platforms of specific (sub-) aspects were deemed eligible (e.g. only require-
ments analysis or only negotiation phase)-independently from the RE methodology.
We excluded studies if their focus was not on the use of KS platforms in (software)
requirements engineering. Also, studies that did not present empirical data or were
mere “lessons-learned” papers were excluded. Papers describing the impact of KS
platforms in non-software development processes (e.g. new product development)
were excluded. As this review is concerned with the impact of KS platforms in RE as
a whole, studies that focused on single techniques or aspects, such as requirements
recommender systems in KS platforms were excluded.

(3) Data sources and search strategy: The search strategy included automated
and manual searches in electronic databases. The following electronic databases
were queried: ACM Digital Library, IEEE Xplore, ISI Web of Science, Science-
Direct—Elsevier, SpringerLink, Wiley Inter Science Journal Finder, Jstom, and
EBSco Host.

Figure 47.1 shows the structure plan for the systematic review process and the
number of papers identified at each stage. In the first stage, the titles, abstracts,
general meta-data and keywords of the articles identified were extracted from the
corresponding electronic database. In the electronic database, we searched using
the following query: knowledge NEAR sharing AND (software OR platform)
AND requirement* NEAR engineering.

In case an electronic database did not support the NEAR syntax, an AND query
was used instead and the results were manually inspected for word proximity.
From the retrieved results, we automatically excluded editorials, article interviews,
reviews, discussions, tutorials, and poster sessions. This search strategy resulted in
a total of 511 hits from all electronic databases that included a set of automatically
identified 475 unduplicated citations.
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Stage 1 Stage 2
Identify relevant studies Exclude studies on
through database queries the basis of titles
n = 475 n = 174
Stage 3 Stage 4
Exclude studies on Obtain primary papers
the basis of abstracts Y bap
n = 139 n_= 17

Fig. 47.1 Stages of the study selection process

(4) Citation management, study retrieval, and inclusion decisions: Relevant
citations from stage 1 (n = 475) were automatically retrieved and stored with the
aid of JabRef, a citation management software. There we recorded the retrieval
source, decision, status and eligibility decision. For each subsequent stage, sepa-
rate BiBTex databases were established.

In stage 2, we manually went through the titles of all database entries that
resulted from the previous stage, to determine their relevance to the systematic
review. At this stage, we excluded studies that were clearly not about the impact of
KS platforms in requirements engineering, independently of their nature. As an
example, because our search strategy was rather broad, including the terms
“requirements” and “knowledge sharing”, we got several matches about
requirements for KS platforms as well as requirements for ontologies covering KS.
Also studies covering requirements engineering not related to the development of
software were dismissed. Articles with titles that indicated clearly that the articles
were outside the scope of this systematic review were excluded. However, titles
are not always clear indicators of what an article is about (similarly, e.g. [27, 30]).
Also the use of the term “requirements engineering” was sometimes rather
ambiguous. In these cases, the articles were included for review at the next stage.
At this stage, 301 articles were excluded (n = 174). In the third stage, the abstracts
of the remaining papers were evaluated according to the previously described
scheme and 35 studies were excluded (n = 139).

Each of the 139 studies that remained after the previous stage was assessed,
according to criteria presented in [27]. The therein developed criteria cover three
main issues pertaining to quality that the authors believe to require consideration
when appraising the studies identified in the review: Rigor: Has a thorough and
appropriate approach been applied to key research methods in the study? Credi-
bility: Are the findings well-presented and meaningful? Relevance: How useful are
the findings to the requirements engineering community?

Based on these criteria and the suggested evaluation questions of [27], we
developed the following assessment criteria as to whether: (1) The study reported
empirical research on implementing KS platforms in RE projects in academia or
industry, (2) the aims and objectives were clearly reported and whether the focus
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was on knowledge aspects or requirements engineering aspects, (3) there was an
adequate description of the context in which the research was carried out (e.g.
industry setting, RE methodology), and (4) the reported findings were sound and
clearly presented with a justified conclusion. The 139 studies from the previous
stage went through the final evaluation according to the above scheme and
excluded according to the answer to question (1). Out of the 139 studies, 122 were
excluded and 17 remained for the detailed data extraction and synthesis.

(5) Data extraction and synthesis of findings: After going through stages 1 to4,
the data from the 17 studies selected for this systematic review was extracted
according to a predefined extraction form. During the data extraction, annotations in
the papers were used to highlight relevant passages and research results. These
passages were imported into the Org-Mode document for future reference. To
synthesize the findings, the terminology from the studies was at first taken verbatim
from them and then “translated” according to a common glossary. Also, a rough
categorization of the author’s terminology was applied to ensure that similar or the
same KS platforms hidden behind “different” names or commercial vendors’ names
were identified correctly.

47.4 Results

We identified 17 studies that report on the impact of KS platforms in RE. We
categorized the studies into five main groups according to the main activities of
RE: analysis, specification, modeling, validation, and management.

We found that out of the 17 studies, 9 (52 %) focused on a globally distributed
software development scenario. Offshore software development scenarios were
studied in 2 (11 %) articles. Studies describing general software development
scenarios without any specific mention of the team members’ location come next
with 3 (17 %) of the studies. The results are shown in Table 47.1.

As shown in Table 47.2, most studies (82 %) dealt with professional software
developers. The remaining (17 %) were conducted in an academic setting (e.g.
Software Development course). Observed team sizes varied largely between
studies. No particular focus on countries regarding the location of the team
members could be observed. Regarding the year of publication, we found no
suitable studies on the impact of KS platforms in RE prior to 2006 (Publications

Table 47.1 Studies after type of software development scenario

Software development scenario Number Percent (%)
Global Software Development (GSD) 9 52
Offshore Software Development (OSD) 2 11
General software development 3 17
Other 3 17

Total 17 100
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Table 47.2 Overview on primary studies and their setting

ID Reference Research method SD method Professional/Student
S1 [38] Multicase OSD (RUP) Students

S2 [10] Survey GSD Professionals
S3 [9] Survey - Professionals
S4 [39] Survey GSD (Scrum) Professionals
S5 [26] Singlecase GSD Students

S6 [40] Singlecase SD Professionals
S7 [3] Singlecase GSD Professionals
S8 [23] - GSD Professionals
S9 [41] Singlecase GSD Professionals
S10 [42] Singlecase GSD Professionals
S11 [6] Singlecase GSD Professionals
S12 [43] Singlecase - Professionals
S13 [44] Singlecase - Professionals
S14 [1] - OSD Professionals
S15 [22] Singlecase GSD Professionals
S16 [32] Survey SD Professionals
S17 [45] Survey SD Students

per year: 2006: 2 (11 %), 2007: 5 (29 %), 2008: 2 (11 %), 2009: 2 (11 %), 2010: 4
(23 %), and 2011: 4 (23 %)). In the following, citations starting with an uppercase
“S” denote surveyed papers.

47.4.1 Challenges and Obstacles Addressed by Knowledge
Sharing Platforms According to the Surveyed
Literature

With the increasing number of integration projects and changing team setups the
transfer of development knowledge becomes increasingly important [S4]. Studies
described several obstacles that we tried to group according to the following
scheme:

Inadequate communication: Several studies, e.g. [S4, S5, S14, S15, S16]
report that the lack of face-to-face communication (e.g. “Communication gap”
[S14]) is still a major inhibitor in RE. The inadequate measures available to early
address communication problems often lead to costly problems and difficulties that
spread over the different software development phase [3, 31, 32]. Inadequate
communication is often due to a lack of common understanding of concepts. E.g.
[S5] reports on the importance of commonly shared ontologies. Inadequate com-
munication also often entails a lack of global project awareness as well as diffi-
culties to transfer results between different business domains [S4, S14] (cf.
“Interpretation” in [S8]). Trace-ability and the exchange of prioritization
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knowledge still remains as a huge challenge in knowledge sharing practice [S8].
Few reported cases have addressed the challenge of discussing and tracking non-
functional requirements [S5, S8].

Cultural diversity [S1, S2, S5, S7, S8, S11, S14, S15, S17] mention that,
particularly due to recent outsourcing trends to Non-Western countries, cultural
obstacles arise that must be addressed. According to [S7], a distinction can be
made between differences in the individuals’ culture as well as the corporate
culture, the individual is part of. A problem highly related to the cultural diversity
of stakeholder is that explicit knowledge on participating stakeholders is hard to
share [S8]. In [S8] it is also reported that knowledge on different markets and
customers varies largely between stakeholders.

Time difference: A rather frequently discussed problem, e.g. [S1, S2, S5, S7,
S8] that is due to the fact that geographic separation of team members also often
means that the time-zones of the team are also separated, and often even do not
overlap. Different time zones also negatively influence the stakeholders’ ability to
quickly share information thus further worsening the communication problem.
[S14] reports that adequate mechanisms for document maintenance and synchro-
nization must be used.

47.4.2 Impact on Requirements Engineering

The overall goal of using KS platform to support KS activities in RE has been
described by researchers: “The aim of these knowledge intensive interactions,
often embedded in requirements elicitation, analysis and verification activities, is
to collaboratively transform the initial uncertain and ambiguous understanding of
the domain problem into an application concept, consistent system requirements,
and ultimately a software application that can be used by the target organization.”
[S3]

[S4] observed that the majority of the participants view knowledge documen-
tation as being important or very important. Regarding the scope of KS platforms
used, [S4] observed that 47 % of surveyed agile developers use KS software
supporting online discussions. Evidence is presented in [S5] that the selection of
KS platforms, in that case groupware tools, which are closer to the stakeholders
cognitive style measurably improved the stakeholders’ perception of communi-
cation during the requirements elicitation phase. Stakeholder using a tool that did
not match the cognitive characteristics led to a worsened perception of commu-
nication [S5].

From a technological standpoint, [S6] reported that a bias towards wikis existed
for two reasons: (1) not many people knew about them and (2) personal bias
existed toward new technologies. (1) can be easily understated by the fact that [S6]
is among the oldest studies (2007) and awareness of Wikis and their use has
increased in the meantime [33-37]. Several studies address how KS platforms are
introduced and adopted in companies to improve the requirements elicitation
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phase. The goal of [S5] was to develop and evaluate a framework to improve and
understand communication during the requirements elicitation process. In [S14] a
need for better trace-ability of requirements was established. In a similar vein, [S2]
showed that it is important to identify stakeholder centric social networks in
addition to purely managing communication responsibilities.

47.4.3 Reported Knowledge Sharing Platforms

The studies can be categorized according to whether they describe the results of
(1) applying existing KS platforms in RE, (2) applying a KS platform developed
by the authors in RE (3) analyzing KS platforms already used in industry settings.
The established KS platforms described in type 1 studies are: e-mails, newsgroups,
mailing lists, forums, electronic notice boards, shared whiteboards, document
sharing, chat, instant messaging, wikis, and videoconferencing [S5, S7, S16]. The
terminology for these technologies is used consistently across almost all studies.
However no standardized definition of these KS platforms, in particular of
“wikis”, “document sharing” and “notice boards” could be found.

47.5 Discussion

This review identified 17 studies on the impact of KS platforms on RE. To the best
of our knowledge, no systematic review exists in this domain. In this section, we
address our research questions, starting by discussing the impact of KS platforms
in requirements engineering, the strength of the evidence in support these findings
as well as limitations and future implications for industry and research.

Impact of knowledge sharing platforms in requirements engineering:
Studies addressing the introduction and adoption of KS platforms in RE processes
fail to establish a unified picture of current practice. They provide sparse views
into the experience of RE teams with KS platforms. For all the identified chal-
lenges (c.f. 4.1), KS platforms were reported to have a positive impact. However,
little to none details on the actual impact and its quantification could be identified
in the studies. Common agreement exists on the fact that KS platforms are required
in any distributed RE setting. While KS platforms are often not explicitly named as
such, there seems to be a common agreement on what KS platforms are. The
reported impact was positive in all studies irregardless of the technical specifics of
the KS platform, no negative reports could be identified. Apart from multitasking
problems when using multiple KS platforms, no negative impacts were reported.

Strength of evidence and implications for research and practice: The
findings of this review have a number of implications for research and practice.
For research, the review shows a clear need for more empirical studies of KS
platforms and their impact on RE. KS platforms seem to have become so
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ubiquitous in recent years that hardly anybody seems to question their use-fullness
or wants to evaluate their impact empirically. In our opinion, much more struc-
tured research is necessary to understand how KS platforms affect RE and how to
properly respond to the broad adoption of such platforms. We have also seen
during the review that Wikis seem to be, with rare exceptions, the only general
purpose answer. Therefore, research on (1) other KS platforms and (2) the various
types of Wikis is highly warranted, as there does not seem to be a common
agreement on what functionalities such a Wiki must provide to successfully
support RE. Another challenge is to increase the quality of the reported research
results. In order to increase the usefulness of research on KS platforms and their
impact on RE, we believe that researchers in the fields of KS and RE should
collaborate to determine a common research agenda. The most relevant evidence
for practice from the systematic review is that there exists a general agreement that
KS platforms in general have a positive impact on all stages of the RE process.
However, it is almost impossible to offer advice besides “use a KS platform to
improve your RE processes”, as there is often no evidence reported in the studies.
Also it is almost impossible to compare an arbitrary industry setting against the
studies as most of them lack the necessary details to make a well informed
comparison. Therefore, this review only provides an initial overview to practi-
tioners that need to carefully compare existing KS approaches to their own needs.
This review clearly shows the need for knowledge and requirements engineering
researchers to conduct more research in the future. We also urge companies to
more openly participate in these research projects as the sometimes observed
“unwillingness” to share data negatively impacts the quality of reported research.

Limitations of this review: The main limitations of the review are bias in the
selection of publications and inaccurate data extraction. To minimize the selection
bias, a research protocol, selection criteria and the specific research questions were
developed beforehand. Building on that we created search terms for literature
selection. As other systematic literature reviews before, this review also suffers
from the fact that keywords are not standardized. While we used rather broad
search terms, the risk of omitting relevant literature could not be completely
mitigated. To further decrease the problem of selection bias, a carefully executed
multi-stage process for selecting relevant literature was chosen. The data extrac-
tion phase suffered from the fact that almost all lacked sufficient details about the
design and findings of the study. Very often, the study was a “by-product” of a
developed methodology or tool. However, due to the fact that only 17 studies were
identified for inclusion, a manual data extraction could be performed on all arti-
cles. During the manual data extraction, we frequently found that the researchers
inadequately described the set-up, issues of bias and validity were almost never
addressed and applied methods were hardly ever explained. Overall, a satisfyingly
presented study could not be found. Therefore, there is a possibility that the data
extraction may have resulted in inaccurate results.
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47.6 Conclusion

We identified 475 studies from search of the literature in electronic databases, of
which 17 were found to be relevant studies of acceptable rigor, credibility, and
relevance. The literature fell into three thematic groups: evaluation of out-of-the-
box tools, surveys, and evaluation of one KS platform developed by the authors.
We identified a number of reported challenges and benefits of the introduction of
KS platforms to RE processes. However, the strength of evidence is very low,
which makes it difficult to make highly convinced suggestions to industry.
Therefore, practitioners are highly advised to assess the findings in careful com-
parison with their own situation without prematurely making generalizations.

A clear finding of this systematic review is that the number and quality of
studies on the impact of KS platforms must be increased. In particular, many of the
already established KS paradigms such as wikis warrant further detailed attention.
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